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@ Method of making metalic thin film. 

© A method of making a metallic thin film with a 
metallic paste. The metallic thin film has a range of 
film thicknesses between 0.01 micron and 1 micron. 
The metallic paste is prepared by uniformly and 
highly dispersing ultrafine metallic particles (17) of 
0.001 micron to 0.1 micron in diameter in an organic 
solvent. The ultrafine metallic particles (17) are at 
least one of the group comprising silver, gold, nickel, 
indium, tin, zinc, titanium, copper, chromium, tan- 



talum, tungsten, palladium, platinum, iron, cobalt, 
silicon, rhodium, iridium, ruthenium and osmium or 
an alloy of the metals. The organic solvent (14. 16) 
is a solvent contaning one or more of alcohols 
having 5 carbon atoms or more such as terpineol, 
citronellol, geraniol, nerol and phenethyl alcohol, or a 
solvent containing one or more of organic esters 
such as ethyl acetate, ethyl oleate, butyl acetate and 
glyceride. 
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TECHNICAL FIELD 

This invention relates to a method of making a 
metallic thin film and, in particular, to a method of 
making a metallic thin film with a paste of superfine 
(ultrafine) metallic particles. 

BACKGROUND ART 

Metallic thin films are conventionally used for 
making conductor circuits such as wiring, elec- 
trodes or the like of print circuit boards, thermal 
heads, condensers or the like. As the methods of 
making such metallic thin films, the following three 
are known. 

A first method comprises the steps of: prepar- 
ing an ordinary metallic paste by mixing particles 
of a metal or of an alloy thereof, whose particle 
size is 1 micron or more, with an organic solvent a 
binder and an additive; and coating the paste on a 
substrate and drying and sintering them, thereby 
making a metallic thin film. In this method, the 
thickness of the metallic thin film is 5 microns or 
more. 

A second method comprises the steps of coat- 
ing a substrate with a metal-organic substance of 
liquid state in which a precious metal and an or- 
ganic material are chemically combined; and dry- 
ing and sintering them, thereby making a metallic 
thin film on the substrate. According to this meth- 
od, it becomes possible to make a metallic thin film 
of 1 micron thick or less. 

A third method comprises the step of making a 
metallic thin film by using a vacuum process such 
as a vacuum deposition method, a sputtering meth- 
od or the like. 

In making circuit patterns of conductive body in 
the above-described methods, screen printing 
method is employed in the first method, screen 
printing or photoetching method is employed in the 
second method, and photoetching method is em- 
ployed in the third method : respectively. 

In the above-described first method, while the 
content of metal particles in the metal paste is 50% 
or more, their particle sizes are 1 micron or more. 
Therefore, the metallic thin film has a film thickness 
of as much as 5 to 10 microns. This method thus 
has problems in that it cannot cope with promoting 
a decrease in the thickness of the film and that the 
amount of consumption of gold, platinum, paradium 
or the like which is high in material cost increases, 
resulting in a product which is high in an overall 
cost. 

In the above-described second method, since 
the precious metal is present in the organometailic 
substance in the atomic condition, it is easy to 
promote a decrease in the thickness of the metallic 
film. However, since the content of the metallic 



composition is 20% at most, it is necessary to 
repeat 2 to 3 times the steps of coating, drying and 
sintering in order to obtain the thickness of 0.2 to 
0.3 micron or more, resulting in a problem in that 

5 much time is required for making the film. Further, 
in this method, the organometailic substance to be 
used often contains harmful substances such as 
cyanogen and, therefore, there is a problem in 
safety and hygiene in the step of sintering. 

io Furthermore, in the third method, since a vacu- 

um batch treatment is required, the productivity is 
low. In addition, since an easy patterning method 
such as screen printing or the like cannot be em- 
ployed, there is a problem in that the productivity 

75 is low also in this respect. 

Considering the problems associated with the 
above-described three methods of making metallic 
thin films, this invention has an object of providing 
a method of making a thinner metallic thin film in 

20 an easy way. 

DISCLOSURE OF THE INVENTION 

The method of making a metallic thin film of 

25 this invention is characterized in that a metallic thin 
film which has a range of film thicknesses between 
0.01 micron and 1 micron is made with a metallic 
paste and that the metallic paste is prepared by 
uniformly and highly dispersing ultrafine metallic 

30 particles of 0.001 micron to 0.1 micron in diameter 
in an organic solvent. 

As ultrafine metallic particles to be used in this 
invention method, at least one of the group com- 
prising silver, gold, nickel, indium, tin, zinc, 

35 titanium, copper, chromium, tantalum, tungsten, 
palladium, platinum, iron, cobalt, silicon, rhodium, . 
iridium, ruthenium and osmium or an alloy of the 
metals may be used. 

Further, as an organic solvent to be used in 

40 this invention method, a solvent containing one or 
more of alcohols having 5 carbon atoms or more 
such as terpineol, citronellol, geraniol, nerol and 
phenethyl alcohol, or a solvent containing one or 
more of organic esters such as ethyl acetate, ethyl 

45 oleate, butyl acetate and glyceride may be used. A 
suitable one may be selected out of them depend- 
ing on the purpose of the metal or metallic film to 
be used. A suitable organic substance may be 
added to the organic solvent depending on the 

so necessity. 

In order to enhance the adhesion between the 
metallic thin film and the substrate and to enhance 
the bonding force among the ultrafine metallic par- 
ticles, the following bonding agents may be added 

55 to the metallic paste. One bonding agent may be 
B, Si, Pb, an oxide of each of them, or the like, 
which agent softens in the process of heat treat- 
ment and penetrates into the particle layers on the 
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substrate, thereby enhancing the adhesion between 
the two and enhancing the bonding force among 
the particles. Another bonding agent may be Cu, 
Zn, Bi, an oxide of each of them, or the like, which 
bonding agent chemically bonds with the sub- 
stance of the substrate in the process of heat 
treatment, thereby enhancing the combination be- 
tween the two. it is preferable to introduce the 
bonding agents in the form of highly dispersed 
ultrafine particles. 

Further, a high molecular substance such as 
ethyl cellulose may be added to the metallic paste 
to adjust the viscosity, thereby obtaining optimum 
screen printing characteristics. 

Still further, a surface active agent such as 
lauryl betaine, cocoyl aminopropyldi methyl 
aminoacetic acid betaine, or the like may be added 
to the metallic paste to enhance the dispersion 
stability of the ultrafine metallic particles in the 
metallic paste, thereby eliminating the change with 
the passage of time due to coagulation of the 
particles. 

In the method of making a metallic thin film of 
this invention, the metallic film can be made, ba- 
sically in the same way as in the above-described 
conventional first method, by coating a substrate 
with the above-described metallic paste and then 
drying and sintering them. A thickness of the pro- 
duced metallic film of 1 micron or less was able to 
be attained. Further, when this metallic film is used 
in a conductive circuit, it is also possible to attain a 
film thickness required for the conductive circuit, 
i.e., 0.3 micron- or more, by going through a single 
step of coating, drying and sintering. 

According to this invention, it is possible to 
make considerably thin and fine metallic thin film in 
a simple method. As a result, the amount of pre- 
cious metals to be used can be reduced to a 
smaller amount, and the cost of manufacturing the 
metallic thin film is considerably reduced, in addi- 
tion, when electronic parts are manufactured by 
using this metallic thin film, their sizes can further 
be made smaller. 

BRIEF EXPLANATION OF THE DRAWING 

Fig. 1 is a schematic view of an apparatus for 
manufacturing a metallic paste to be used in mak- 
ing a metallic paste according to this invention 
method, and Fig. 2 is a photograph by a scanning 
slectron microscope of the conductive film made 
according to the first embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

A description is made hereinbelow, with refer- 
ence to the accompanying drawing, about a meth- 
od of making a metallic thin film in accordance with 



a preferred embodiment of this invention. 
First Embodiment 

5 Fig. 1 is a schematic view of an example of an 

apparatus for manufacturing a metallic paste which 
is used in the method of making a metallic thin film 
of this invention. 

The apparatus for manufacturing the metallic 
70 paste is provided with an evaporating chamber 1 
and a collection chamber 2, both being in commu- 
nication with each other. A helium gas passage 3 is 
connected to the evaporating chamber 1 for in- 
troducing helium gas thereinto. A valve 4 for open- 
75 ing and closing this passage 3 is provided in the 
passage 3. A passage 5 for introducing an organic 
solvent vapor into the collection chamber 2 is con- 
nected to the collection chamber 2 in the neighbor- 
hood of that connecting portion of the collection 
20 chamber 2 at which the vacuum chamber 1 is 
connected to the collection chamber 2. In this 
passage 5 for introducing the organic solvent va- 
por, there is provided a valve 6 for opening and 
closing the passage 5. To the collection chamber 
25 2, there is further connected an exhausting pas- 
sage 7 which is connected to a vacuum pump (not 
shown) for evacuating the collection chamber 2. 
This passage 7 is also provided with a valve 8 for 
opening and closing the passage 7. 
30 Inside the evaporating chamber 1- there is dis- 

posed a crucible 10 which contains therein a metal 
9 to be used. This crucible 10 is provided with a 
high-frequency induction heating apparatus 11 for 
heating the metal 9 inside the crucible 10. On the 
35 other hand, the collection chamber 2 is provided 
therein with a cooling plate 12. This cooling plate 
12 is constantly cooled by a coolant which is 
caused to be circulated by means of a coolant 
circulating passage 13. 
40 An explanation is made hereinbelow about the 

manufacturing of the metallic paste by using the 
apparatus for manufacturing thereof as described 
above. 3y the way, in this embodiment, gold was 
used as the metal and a-terpineol vapor was used 
45 as the organic solvent vapor. 

First, the valves 4 and 6 were closed and the 
valve 8 was opened and the vacuum pump was 
operated to evacuate the evaporating chamber 1 
and the collection chamber 2 down to a pressure of 
so 10~ 5 Torr. Then, while helium gas was being intro- 
duced into the evaporating chamber 1 with the 
valve 4 open, evacuation through the valve 8 was 
continued, thereby maintaining the inside thereof at 
a helium gas pressure of 1 Torr. After this opera- 
55 tion s the valve 6 was opened and. while the a- 
terpineol vapor 14 was being introduced into the 
collection chamber 2, the gold 9 inside the crucible 
10 was heated by the high-frequency induction 
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heating apparatus 11, thereby generating gold va- 
por 15. The gold vapor 15 was transferred from the 
evaporating chamber 1 to the collection chamber 2 
with the flow of the evacuating gas. In this flow of 
evacuating gas the gold vapor 15 was condensed 
to superfine (ultrafine) gold particles. These super- 
fine gold particles were mixed with a-terpineol va- 
por 14 in the collection chamber 2 and were de- 
posited on the cooling plate 12 which was kept at a 
low temperature by the coolant 13, as stabilized 
superfine gold particles 17 covered with thin films 
1 6 of a-terpineol. When these deposits were recov- 
ered and observed by a transmission electron mi- 
croscope, it was found that the superfine gold 
particles were neither agglomerated nor chained 
together but were well independently dispersed in 
the a-terpeneoL This phenomena seem to be due 
to the fact that, because the superfine gold par- 
ticles are well mixed with the a-terpineol vapor, 
they are wrapped by the a-terpeneol in a film form 
before bonding of the gold particles takes place. 
The gold particles were spherical in shape and 
uniform, with their particle sizes being 0.01 micron 
on the average. The particles thus obtained were 
mixed together by adding a dispersing agent and a 
bonding agent to obtain the metallic paste. The 
composition of this metallic paste was, on weight 
basis, 40% of gold, 1% of dispersing agent, 5% of 
bonding agent and 54% of solvent 

A conductive film was made by using the 
above-described metallic paste. 

First, by using a 400-mesh screen, fine line- 
and-space patterns of 50-50 microns were formed 
on an aluminum substrate with the above-described 
metallic paste. The coating thickness of the metal- 
lic paste was about 12 microns. The fine patterns 
were dried by keeping them at 120* C for 15 
minutes in the atmosphere. They were then sin- 
tered in a muffle furnace under conditions of a 
peak temperature of 850 * C and a retention time of 
10 minutes, thereby making the conductive film. 

The thickness of the conductive film became 
0.5 micron, and a resistance value of 90m Q/d (0.5 
micron) was obtained. This film thickness of 0.5 
micron is about one-third of the minimum film 
thickness of 1.5 micron that was obtainable in the 
manufacturing with a conventional metallic paste, 
thus enabling a still thinner film thickness. In point 
of the resistance value, too, it was possible to 
obtain a value which is not far different from a 
conventional value; therefore, there was no problem 
in putting them into practical use. In addition, the 
deviation in the resistance value from line to line 
was small, thus verifying the feature of a paste of 
highly dispersed particles. 

When the surface of the metallic thin film thus 
obtained was observed by an SEM (scanning elec- 
tron microscope), it v/as confirmed, as shown in 



Fig. 2, that a smooth surface free from pin holes 
was obtained. Further, in order to test the adhe- 
siveness of the metallic thin film on the substrate, 
an ultrahigh-frequency treatment was performed at 
5 28kHz and 100W for 60 minutes. But there was 
found no phenomenon of peeling off or the like. 

Second Embodiment 

10 By using the same apparatus as in the first 

embodiment, gold metal was evaporated under a 
condition of helium pressure of 10 Torr. By using 
butyl acetate as the organic solvent, a gold metal 
paste in which gold metal particles are highly dis- 

75 persed was prepared. By using this metal paste a 
conductive film was made. The particle size of the 
above-described gold metal particles was 0.1 mi- 
cron. The composition of this metallic paste was, 
on weight basis, 60% of gold metal, 1% of dispers- 

20 ing agent, 5% of bonding agent and 34% of sol- 
vent. 

A conductive film was made by using the 
above-described metallic paste. 

First, by using a 400-mesh screen, fine line- 

25 and-space patterns of 50-50 microns were formed 
on an aluminum substrate with the above-described 
metallic paste. The coating thickness of the metal- 
lic paste was about 16 microns. The fine patterns 
were dried by keeping them at 120°C for 15 

30 minutes in the atmosphere They were then sintered 
in a muffle furnace under conditions of a peak 
temperature of 850 °C and a retention time of 10 
minutes, thereby making the conductive film. The 
thickness of the conductive film produced became 

35 1.0 micron, and a resistance value of 40m Q/n (1.0 
micron) was obtained. As a result of this, it was 
shown that, like in the above-described first em- 
bodiment, the conductive film had characteristics 
which were superior to those of the conventional 

40 paste for thick films or the organometallic paste. 

Upon observation by an SEM, the surface of 
the conductive film which was made in this em- 
bodiment was found smooth without pin holes. Also 
good results were obtained in a peeling test. 

45 

Third Embodiment 



By using the same apparatus as in the first 
embodiment, gold metal was evaporated under a 

so condition of helium pressure of 0.1 Torr. By using 
citronellol as the organic solvent, a gold metal 
paste in which gold metal particles are highly dis- 
persed was prepared. By using this metal paste a 
conductive film was made. The particle size of the 

55 above-described gold metal particles was 0.001 
micron. The composition of this metallic paste was, 
on weight basis, 3% of gold metal and 92% of 
solvent. 
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A conductive film was made by using the 
above-described metallic paste. 

By using a 400-mesh screen, a conductive film 
was formed on a glass substrate with the above- 
described metallic paste. The coating thickness of 
the metallic paste was about 1 .2 microns. The film 
was dried by keeping it at 120* C for 15 minutes in 
the atmosphere. It was then sintered in a muffle 
furnace under conditions of a peak temperature of 
800° C and a retention time of 10 minutes, thereby 
making the conductive film. The thickness of the 
conductive film produced became 0.01 micron, and 
a resistance value of 10 Q/a (0.01 micron) was 
obtained. 

Upon observation by an SEM. the surface of 
the conductive film which was made in this em- 
bodiment was found smooth without pin holes. 

Fourth Embodiment 

By using the same apparatus as in the first 
embodiment, a silver alloy containing, on weight 
basis, 25% palladium was evaporated under a con- 
dition of helium pressure of 0.5 Torr. By using a- 
terpineol as the organic solvent, an alloy metal 
paste in which silver-palladium alloy particles are 
highly dispersed was prepared. By using this metal 
paste a conductive film was made. The particle 
size of the above-described silver-palladium alloy 
particles was 0.02 micron. The composition of this 
metallic paste was, on weight basis, 50% of silver- 
palladium alloy, 0.5% of dispersing agent, 5% of 
bonding agent and 44.5% of solvent. 

A conductive film was made by using the 
above-described metallic paste. 

First, by using a 400-mesh screen, fine line- 
and-space patterns of 50-50 microns were formed 
on an aluminum substrate with the above-described 
metallic paste. The coating thickness of the metal- 
lic paste was about 8 microns. The fine patterns 
were dried by keeping them at 120*C for 15 
minutes in the atmosphere. They were then sin- 
tered in a muffle furnace under conditions of a 
peak temperature of 900° C and a retention time of 
10 minutes, thereby making the conductive film. 
The thickness of the conductive film produced be- 
came 0.4 micron, and a resistance value of 360m 
Q/a (0.4 micron) was obtained. As a result of this, it 
was shown that, like in the above-described first 
embodiment, the conductive film had characteris- 
tics which were superior to those of the conven- 
tional paste for thick films or the organometallic 
paste. 

Upon observation by an SEM, the surface of 
the conductive film which was made in this em- 
bodiment was found smooth without pin holes. Also 
good results were obtained in a peeling test. 



Fifth Embodiment 

By using the same apparatus as In the first 
embodiment, ruthenium was evaporated under a 
s condition of helium pressure of 0.5 Torr. By using 
a-terpineol as the organic solvent, a ruthenium 
paste in which ruthenium particles are highly dis- 
persed was prepared. Further, under the same 
conditions, a silicon paste and a bismuth paste 
w were prepared by using silicon and bismuth, re- 
spectively, instead of ruthenium. The particle diam- 
eters of ruthenium particles, silicon particles and 
bismuth particles were 0.01 micron, 0.005 micron 
and 0.005 micron, respectively. Then, a metallic 
rs paste was prepared by using them. The composi- 
tion of the above-described metallic paste was, on 
weight basis, 35% of ruthenium, 5% of silicon, 2% 
of bismuth, 1% of dispersing agent. 5% of bonding 
agent and 52% of solvent. 
20 A conductive film was made by using the 

above-described metallic paste. 

First, by using a 400-mesh screen, fine iine- 
„ and-space patterns of 50-50 micron were formed 
on an aluminum substrate with the above-described 
25 metallic paste. The coating thickness of the metal- 
lic paste was about 11 microns. The fine patters 
were dried by keeping them at 120 C for 15 
minutes in the atmosphere. They were then sin- 
tered in a muffle furnace under conditions of a 
30 peak temperature of 900° C and a retention time of 
15 minutes, thereby making a conductive film. The 
thickness of the conductive film produced was 0.5 
micron, and a resistance value of 240m a/a (0.5 
micron) was obtained. 
35 Upon observation by an SEM, the surface of 

the conductive film which was made in this em- 
bodiment was found smooth without pinholes. Also 
good results were obtained in a peeling test. 

40 Claims 

1. A method of making a metallic thin film with a 
metallic paste which is prepared by uniformly 
and highly dispersing ultrafine metallic par- 

45 tides (17) in an organic solvent (14, 16). 

2. A method of making a metallic thin film ac- 
cording to claim 1, wherein said metallic thin 
film has a range of film thicknesses between 

so about 0.01 micron and 1 micron, and said 

ultrafine metallic particles (17) have particle 
sizes from about 0.001 micron to 0.1 micron in 
diameter. 

55 3. A method of making a metallic thin film ac- 
cording to claim 1 or 2, wherein said ultrafine 
metallic particles (17) are at least one of the 
group comprising silver, gold, nickel, indium, 
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tin, zinc, titanium, copper, chromium, tantalum, 
tungsten, palladium, platinum, iron, cobalt, sili- 
con, rhodium, iridium, ruthenium and osmium 
or an alloy of said metals. 

5 

4. A method of making a metallic thin film ac- 
cording to any of claims 1 through 3, wherein 
said organic solvent (14, 16) is a solvent con- 
taining one or more of alcohols having 5 car- 
bon atoms or more such as terpineol, citronel- io 
lol, geraniol, nerol and phenethyl alcohol, or a 
solvent containing one or more of organic es- 
ters such as ethyl acetate, ethyl oleate, butyl 
acetate and glyceride. 

75 
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© A method of making a metallic thin film with a 
metallic paste. The metallic thin film has a range of 
film thicknesses between 0.01 micron and 1 micron. 
The metallic paste is prepared by uniformly and 
highly dispersing ultrafine metallic particles (17) of 
0.001 micron to 0.1 micron in diameter in an organic 
solvent. The ultrafine metallic particles (17) are at 
least one of the group comprising silver, gold, nickel, 
indium, tin, zinc, titanium, copper, chromium, tan- 
talum, tungsten, palladium, platinum, iron, cobalt, 
silicon, rhodium, iridium, ruthenium and osmium or 
an alloy of the metals. The organic solvent (14, 16) 
is a solvent containing one or more of alcohols 
having 5 carbon atoms or more such as terpineol, 
citronellol, geraniol, nerol and phenethyl alcohol, or a 
solvent containing one or more of organic esters 
such as ethyl acetate, ethyl oleate, butyl acetate and 
glyceride. 



F I G. 1 



=1,1 9 



/ / / 16 ~-\V ^ \ «\ 




17 
12 — f 



J <8 1 



9 10 



Rank Xerox (UK) Business Services 

(-/3-09/3.3.4) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 91 10 5070 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to cfaum 



CLASSIFICATION OP THE 
APPLICATION (IblCIS) 



Y 
Y 

A 
X 



US-A-4 617 237 (ARUNAVA GUPTA ET AL.) 

* column 1, line 14 - line 22 * 

* column 1, line 58 - line 66 * 

* column 3, line 9 - line 14 * 

* column 3, line 49 - column 4, line 3 * 

* column 4, line 19 - line 35 * 

* column 6, line 12 - line 20 * 

* column 8, line 9 - column 9, line 5 * 

* column 9, line 32 - line 36; claims 
1,6-8 * 

PATENT ABSTRACTS OF JAPAN 

vol. 7, no. 173 (M-232) 30 July 1983 

& JP-A-58 076 287 (MITSUBISHI DENKI K.K.) 

9 May 1983 

* abstract * 



PATENT ABSTRACTS OF JAPAN 

vol. 12, no. 247 (M-717) 13 July 1988 

& JP-A-63 034 157 (MITSUBISHI ELECTRIC 

CORP.) 13 February 1988 

* abstract * 



EP-A-0 263 676 (ENGELHARD CORP.) 

* page 1, line 5 - line 8 * 

* page 1, line 36 - line 40 * 

* page 2, line 36 - line 59 * 



1-4 



H01L21/3205 

H01L21/70 

H01L49/02 

H01B1/22 

H05K3/10 

H05K1/09 

H01B1/02 



1,3 



2,4 



TECHNICAL FIELDS 
SEARCHED (Int.a.5) 



1,3 
1.3 



H01B 
H01G 
H05K 
H01L 
C23C 



-/~ 



The present search report has been drawn up for ail claims 



BERLIN 



3 June 1994 



Klopfenstein, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alooe 

Y : particularly relevant if combined with another 

document of th« same category 
A : technology caJ background 
O : noo-written disclosure 
P : ietenaediaxe document 



T : theory or principle underlying the invention 
£ : earlier patent document, but pu bashed on, or 

after the filing date 
D : document cited in the application 
L : document died for other reasons 



aber of the same patent family, correspond trig 



BNSOOCID: <EP 04*9309 A3J_> 





European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 91 10 5070 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (IntCLS) 



DE-A-31 34 918 (MATSUSHITA ELECTRIC 
INDUSTRIAL CO.) 

* page 9 * 

* page 11, paragraph 5 - page 12, 
paragraph 2 * 

* page 13, paragraph 2 * 

* page 15 - page 16, paragraph 1; table 1 
* 

PATENT ABSTRACTS OF JAPAN 
vol. 10, no. 40 (M-454) 18 February 1986 
& JP-A-60 192 658 (MITSUBISHI DENKI K.K.) 
1 October 1985 

* abstract * 



DE-B-12 27 822 (E.I. DUPONT DE NEMOURS AND 
CO.) 

* column 1, line 1 - line 11 * 

* column 2, line 34 - column 3, line 30 * 



1,3,4 



1,3 



1-4 



TECHNICAL FIELDS 
SEARCHED (lnt.a.5) 



The present search report has been drawn up for ail da 



BERLIN 



Date of coapleUoa of Ite Martft 

3 June 1994 



Klopfenstein, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alooe 

Y : particularly relevant if combined with another 

document of the same category 
A : techno* ogjcaJ background 
O : con- written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document died for other reasons 



■ of the same patent family, corresponding 
at 



n*/tc*r.oA:* r •> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□^BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□"COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: - 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



